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Calculation of pKa in Proteins with the MM_SCP
Jufang Shan, Ernest L. Mehler.
Weill Cornell Medical College, New York, NY, USA.
The accuracy of theMicroenvironmentModulated_Screened Coulomb Poten-
tial (MM_SCP)1 to predict pKa values for titratable residues in biological mac-
romolecules is analyzed. This self-consistent approach calculates electrostatic
energetics using a modified form of the SCP-continuum solvent model2, which
is modulated by the hydrophobicity of the local environment around the titrat-
able group. The analysis has been applied to 345 ionizable groups (Asp, Glu,
His, Cys, Tyr, Lys, N- and C-termini) in 59 proteins belonging to multiple
structural classes. Among these residues, 82% were predicted with errors
< 1 unit), although half of residues with large shifts were correctly predicted
(error <1 unit). Further analysis showed that the MM_SCP accounts for the
pKa shifts of ionizable groups in hydrophobic microenvironment3 and treats in-
teraction energies very well. Most errors originate from steric clashes or im-
proper handling of certain interaction pairs (e.g., ionic H-bonds). A feature
in the MM_SCP was used to identify steric clashes between the titratable res-
idue and other parts of the sequence; after local minimization the calculated
pKa improved by half a unit in more than half the cases. Other methods to im-
prove the predictions will be discussed, such as optimizing the H-bond net-
work, or using refined reference pKa values4 which improves the root mean
square deviations by at least 0.1 unit for 25 proteins.
1. Mehler, E.L. and Guarnieri, F., Biophysics J.,1999. 77: p. 3.
2. Hassan, S.A., et al. J. Phys. Chem. B,2000. 104: p. 6478.
3. Mehler, E.L., et al. PROTEINS: Stru. Func. Genet.,2002. 48: p. 283.
4. Thurlkill, R.L., Grimsley, G.R., Scholtz, J.M., and Pace, C.N., Protein Sci-
ence,2006. 15 p. 1214.
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Although water permeation across cell membranes occurs through many trans-
porter proteins, the only permeation mechanism resolved at atomic resolution is
that for aquaporins. Recent crystallization of the Vibrio parahaemolyticus
sodium-galactose transporter (vSGLT, in the inward facing configuration) al-
lowed investigation of putative water permeation pathways through both
vSGLT and the homologous human Na-glucose cotransporter (hSGLT1) using
Grand Canonical Monte-Carlo and Molecular Dynamics simulations. For
vSGLT, simulations showed the presence of a water-filled pathway which is in-
terrupted in the middle of the protein. In contrast, an hSGLT1 homology model
produced a continuous water permeation pathway passing through the sugar
binding site and featuring a single constriction zone. Potential of mean force
(PMF) calculations indicate that water accessibility to the constriction zone
is nearly without cost energetically. However, the constriction zone is associ-
ated with an energy barrier of 852 Kcal/mol which is modulated by the posi-
tion of side chain residues located in transmembrane segments 2 and 6 (F101
and A105 in TM2, M283 and L286 in TM6). This value is similar to previously
published activation energy values for the passive water permeability of rabbit
SGLT1 (95 1 and 55 1 kCal mol-1 (Loo et al., 1996 and 1999)). Comparison
with multiple crystallized conformations of a structurally homologous cotrans-
porter (Mhp1) suggested conservation of the constriction zone during a com-
plete cotransport cycle. Electrophysiology coupled with volumetric
measurements of hSGLT1-expressing oocytes showed little dependence of
cotransporter-mediated water permeability on the extracellular presence of so-
dium or on the membrane potential applied. This confirms that the cotrans-
porter passive water permeability is independent of conformation. These
results provide groundwork for understanding the structural basis of cotrans-
porter water permeability.
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Located in the inner mitochondrial membrane, uncoupling proteins (UCPs) dis-
sipate the proton electrochemical gradient causing reduction in the rate of ATP
synthesis. Three UCP homologues (UCP2, UCP4 and UCP5), expressed in neu-
rons, are suggested to have potential roles in the function and protection of the
central nervous system (CNS). Extensive biochemical studies on UCP2 haveprovided adequate evidence for its participation in proton and anion transport.
So far, no functional studies in proteoliposome systems have been performed
on UCP4 and UCP5. Due to the lack of high resolution structures, structural in-
formation for UCPs remains limited. The goals of this study are to gain further
information on the conformations and functional properties of neuronal UCPs
reconstituted in liposomes. The emphasis is on UCP4 and UCP5 and their com-
parison to UCP2. Recombinant versions of all five UCPs have been success-
fully expressed, purified and reconstituted in liposomes. All UCPs formed
dominantly helical conformations in negatively charged phospholipid vesicles
as detected by CD spectroscopy [Ivanova et al (2010) Biochemistry 49(3): 512-
21]. Neuronal UCPs also share common structural and binding properties with
UCPs 1 and 3, implying a common physiological role in addition to their spe-
cific roles in the CNS. Ion transport assays (proton and chloride) for reconsti-
tuted neuronal UCPs have been developed using anion-sensitive fluorescent
probes. Purine nucleotide inhibitions of these proteins resulted in decrease in
the initial transport rate. Preliminary results show that reconstituted UCP5
has proton transport activity that is inhibited by ATP. Similar experiments
are planned for UCP4. Transport activities of the all neuronal UCPs will be
compared to those of the prototypical UCP1. The outcome of this study will
clarify several aspects of the structure-function relationships of the least studied
UCPs 4 and 5 and their possible physiological roles in the CNS.
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Intramembrane proteases cleave transmembrane substrates to liberate mole-
cules that participate in essential cellular processes, such as cell signaling
and gene regulation. Understanding how intramembrane proteases work re-
quires knowledge of how substrates are docked and cleaved within the mem-
brane plane. We find that lipid interactions and the presence of the substrate
affect significantly the structure and dynamics of the helical gate and of the
cap loop that control access to the active site of the GlpG rhomboid protease
from E. coli.
In the absence of the substrate, the 1-palmytoyl-2-oleoyl-sn-glycero-3-phos-
phatidyethanolamine (POPE) lipid molecule bound to the protease active site
remains closely associated with the protease on the ~90ns timescale of the mo-
lecular dynamics (MD) simulation. Presence of the Spitz transmembrane sub-
strate perturbs the interactions between the protease and the active-site lipid
molecule. The substrate and whether or not a lipid headgroup is bound to the
active site affect the orientation of the lateral gate helix 5 relative to the rest
of the protein, the structure and dynamics of the cap loop, and the interaction
between the catalytic serine and water. This suggests that lipid molecules
may be involved in controlling the access to the active site of intramembrane
proteases.
This research was supported in part by the National Institute of General Med-
ical Sciences (GM-74637 and GM-86685 to S.H.W) and an allocation of com-
puter time from the National Science Foundation through the TeraGrid
resources at TACC (Ranger).
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G-proteins transduce extracellular signals received by cell surface receptors
into cellular responses. Each of the a and the bg subunits of G-proteins prop-
agate signaling by activating or inhibiting various effector molecules in order to
modulate cellular function. The first reported Gbg effectors were the G-protein
coupled inwardly rectifying Kþ (GIRK or Kir3) channels. Previous studies
have shown that Gbg plays a necessary role in stimulation of both basal as
well as agonist-induced components of GIRK channel currents. Work from
our lab has shown that mutation of specific residues on the channel or Gbg
may preferentially affect one or the other of these components of GIRK current,
leading to our working hypothesis: distinct interactions of Gbg and GIRK
channels contribute to basal versus agonist-induced currents.
Through a novel combination of existing protein-protein docking methods, we
are predicting sites of interaction between Gbg and the GIRK1 channel. Initial
rigid body docking results from ZDock and ZRank were filtered using steric re-
straints posed by the membrane and the Gbg prenyl moiety. Clustering analysis
(ClusPro server) was employed for selection of candidate structures for further
flexible side-chain refinement with RosettaDock. Residue contacts predicted to
be important for protein-protein interaction are tested and functionally charac-
terized by site directed mutagenesis and two-electrode voltage clamp
